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The atomic force microscope has been used to record molecular structure on free-standing 
organic crystals. A crystal of tetracene has been imaged with molecular resolution which 
allows the assignment of lattice parameters to the surface layer. The intermolecular spacings on 
the surface oftetracene correspond remarkably closely with those in the bulk. It is even 
possible to distinguish between the two translationally inequivalent molecules of the unit cell. 
The mechanism for using force microscopy to distinguish between different molecular 
orientations is discussed. 
I. INTRODUCTION 
Tetracene is the four-ring analogue in the naphthalene-
anthracene series of linear, fused benzene rings, Fig. 1.1- 3 
Tetracene has been the subject of many studies of electronic 
and photonic processes of organic molecular crystals, in 
large part due to its high photosensitivity and ease in prepar-
ing evaporated layers. Many different analytical methods 
have been used to investigate tetracene's bulk structure, such 
as electron and x-ray-diffraction/ fluorescence resonance in 
a magnetic field,5 phonon emission detection, and optical 
spectroscopy.6 Calculations of atom-atom potentials and 
lattice dynamics 7-9 have been performed to interpret or pre-
dict spectroscopic behavior. All of this work has focused on 
the bulk structure of tetracene. With the inception of the 
field of scanning force microscopies, \0 the low concentration 
of surface molecules no longer eludes analysis. 
The atomic force microscope (AFM) produces images 
of topography of conducting and nonconducting materials 
by scanning a sharp tip mounted on a cantilever-type spring 
over a sample surface. The spring deflects in response to its 
interactions with surface features. The spring deflection is 
monitored with electron tunneling, optical interference, de-
flection of a laser beam, or capacitance detection. Typical 
resolution is on the nanometer and angstrom scale. II - 17 
Since the first demonstration of atomic force micros-
copy in 1986,10 many groups worldwide have used it to in-
vestigate ordered surfaces of crystalline materials, on inor-
ganic l8. 19 and organic20 systems. We present here the 
application of the AFM to a class of organic molecular crys-
tals to provide information on surface molecular geometries 
previously unobtainable by other methods. 
II. EXPERIMENTAL 
All scans are performed with a commercially available 
microscope outfitted with a 1 fl scanner and a beam deflec-
tion detection scheme.21 Cantilevers are V-shaped, 200 flm 
long, and have integrated tips ofSi3N4 and spring constants 
of 0.12 N/m.22 The images are recorded in the ambient at-
mosphere, at room temperature, and on freshly cleaved sam-
ples. Scanning is performed on the ab-cleavage plane, the 
characteristic cleavage plane in this class of molecules. The 
AFM measurements reveal fiat, defect-free surfaces over 
scanned areas of l.OX l.0 flm2. Measurements made on te-
tracene crystals from different sources and with different 
scanning tips produce statistically similar results. Images are 
recorded from sublimed crystals obtained from both com-
merciaf3 and locaf4 sources. The instrument is calibrated 
periodically with control samples of mica and graphite, 
yielding an uncertainty of 5%. The images are recorded un-
der conditions of insignificant drift, and are presented here 
as unfiltered, raw data. In performing these AFM measure-
ments, the typical applied force is 15 nN. The application of 
higher forces has no apparent effect on the recorded images. 
III. RESULTS AND DISCUSSION 
It is well known from x-ray-diffraction studies3,4,25 that 
the tetracene crystal is triclinic with two molecules per unit 
cell (Fig. 1). These two translationally inequivalent mole-
I 
FIG. 1. The unit cell of crystalline tetracene in a perspective view. Repre-
sentative molecules oftype I and II are drawn in full to illustrate the orienta-
tions in the bulk. 
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TABLE I. Crystallographic and AFM data of tetracene. 
a (A) 
b (A) 
c (A) 
an 
/3 (0) 
r C) 
Tetracene lattice parameters 
AFM 
surface 
8.0 
6.3 
85.5 
Literature 
(Refs. 3 and 25) 
bulk 
7.915 
6.065 
13.445 
101.10 
113.31 
85.91 
cules are designated I and II in Fig. 1. The crystallographic 
parameters are presented in Table I, along with the corre-
sponding intermolecular spacings detected by AFM on the 
crystal surface. Figure 2 is an AFM image recorded over a 
3.0 X 3.0 nm2 area in which the a and b axes, and the angle r 
between them, have been measured and labeled. From the 
comparison of bulk and surface values (Table 1), it can be 
seen that the arrangement of molecules in the ab plane of the 
surface corresponds very closely to that of the bulk. 
In Fig. 3(a), a lOX 10 nm2 image recorded at a slightly 
different scan angle across the sample, a superstructure of 
rows spaced 8.0 A can be discerned. To assign the features 
that make up the rows of Fig. 3(a), Fig. 3(b) has been con-
structed out of the bulk structural data. Figure 3 (b) is the 
view looking down orthogonally on the ab plane. This draw-
ing, in which each molecule is represented as an ellipse, illus-
trates the nonparallel orientation of molecule types I and II 
relative to each other. It correlates well to the measured her-
The short axes of the molecules are not perfectly parallel 
to the ab plane, presenting a slightly tilted edge to the surface 
[see hatching in Fig. 3 (b) ]. The combined effect of the dif-
ferent orientations of type I and type II molecules relative to 
each other, and their non-parallel orientations relative to the 
ab plane, accounts for the shading (contrast) observed in the 
AFM image structure [Fig. 3(a)]. 
When the scan direction is rotated relative to the sam-
ple, the appearance of the superstructure can change. Differ-
ent elastic responses to the AFM tip arising from the differ-
ringbone pattern of alternating type I and type II molecules (a) 
in Fig. 3 (a). The relative placements of these two molecular 
orientations within the unit cell, and the angles their short 
axes make with the ab surface allow the identification of type 
I and type II molecules in our AFM images. 
FIG. 2. AFM image oftetracene over an 3.0X3.0 nm2 area. The scanned 
surface is the ab plane of the crystal in which an arrangement of molecules 
corresponds to that of the bulk (a = 8.0 A. b = 6.3 A. r = 85.5°). 
(b) 
FIG. 3. (a) 1O.0X 10.0 nm' AFM image of the tetracene ab plane. The 
inequivalent molecules. I and II. create a superstructure of rows spaced 8.0 
A apart. The magnified circle is of an area of about 20 A in diameter. (b) 
Schematic view of the bulk structure as viewed perpendicular to the ab 
plane [same orientation as Fig. 3(a)]. Each ellipse represents the two phy-
sically topmost electron orbitals of one molecule with the lower of the two 
(by about 0.3 A) being crosshatched. A herringbone pattern is visibly built 
up by the ellises. The dots represent the symmetry center of each molecule. 
One molecule of each type is outlined at the bottom left of the sketch. 
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ent molecular orientations, I and II, would reinforce this 
effect. 26 Obtaining these same results with a second tip preli-
minarily rules out an asymmetric tip effect.27 
The close correlation between surface molecular struc-
ture, as detected by AFM, and interatomic distances, as de-
termined in the bulk is worthy of note. On-going experi-
ments in our laboratory on other analogues of fused 
aromatics reveal less correspondence between surface and 
bulk structures. These results require more extensive inter-
pretration of molecular posi tions, and will be reported short-
ly. 
IV. SUMMARY 
In our studies, the atomic force microscope, operated 
under ambient conditions, has provided information on the 
arrangement of molecules on the surface of tetracene crys-
tals. Weare able to differentiate between the two molecular 
orientations normal to the scanned plane and attribute this 
ability to the differential response of the tip to those two 
orientations. We conclude that the intermolecular spacing in 
the ab plane of the bulk corresponds closely to that of the 
surface. Unlike other fused aromatic analogues that we have 
studied, the tetracene crystal structure appears to have re-
mained intact on the crystal surface. 
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